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ABSTRACT

A holographic television apparatus is disclosed for de-

703 704

5,049,963
Sep.17,!?91

11] Patent Number:
[45] - Date of Patent:

tecting and displaying three-dimensional holographic
information corresponding to a holographic optical
interference pattern. The apparatus includes an 1mage
detecting device for successively detecting two-dimen-
sional slices of the three-dimensional holographic opti-
cal interference pattern, an image reproduction device
for successively reproducing two-dimensional slices of
the three-dimensional holographic optical interference
pattern, a transmission means connecting the image
detection device to the image reproduction device, and
an actuation unit for moving the image detection device
at predetermined regular intervals in an depth direction
normal to the two-dimensional image portions to obtain
information with respect to the three-dimensional opti-
cal interference pattern at unformly spaced two-dimen-
sional layers thereof corresponding to the displacement
intervals. The reproduction device includes a display
device which displays the three-dimensional portions of
the three dimensional interference pattern. The actua-
tion unit moves the display device at predetermined
regular intervals in a depth direction normal to a display
plane thereof to display information with respect to the
three-dimensional optical interference pattern at uni-
formly spaced two-dimensional layers thereof corre-
sponding to the displacement intervals of the display
device. The displacements of the image detector and
display device occur at a speed faster than the response
speed of the human eye to achieve display of a convinc-
ingly three-dimensional image.

8 Claims, 12 Drawing Sheets
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1

HOLOGRAPHIC TELEVISION APPARATUS
WITH SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION

The present invention is directed to a holographic
television system.

BACKGROUND OF THE INVENTION

Recently, three-dimensional image display methods
have been undergoing extensive study together with
computer graphics. Since holography is a kind of pho-
tographic method, utilization thereof 1s very limited,
although holography has excellent potential as a three-
dimensional display method.

FI1G. 9 schematically illustrates a principle of holog-
raphy in the prior art. In FIG. 9, numeral 901 denotes a
laser, 902 and 903 mirrors, 904 a beam splitter, 905, 906
and 907 lenses and 908 a photographic film. Operation
of the holography apparatus configured above 1s now
described. |

A laser beam emitted from the laser 901 is divided
into two directions by the beam splitter 904. The di-
vided laser beams are spread through the lenses 905, 906
and 907 and are then overlapped with each other spa-
tially. Interference fringes are formed in the direction of
oblique lines in the space in which the laser beams are
overlapped with each other (hatched portion in FIG.
9). A high-resolution photographic film 908 1s set in this
space so that both of the laser beams impinge on a re-
cording surface of the film and the recording surface 1s
exposed to the laser beams to record a pattern of the
interference fringes on the recording surface. (An inter-
val between the interference fringes is about 2 to 3 um
and the photographic film on which the pattern has
been recorded and developed is denominated the holo-
gram. Further, the pattern is hereinafter referred to as
hologram information.)

As shown in FIG. 10A, when the hologram 1001 is
illuminated with one of the laser beams of FIG. 9, for
example, parallel light (parallel reference light) passing
through the lens 906, part of the laser beam is diffracted
by the hologram and transmitted in the same direction
as that of object light passing through the lens 907.
Consequently, a virtual image A’ is produced at a posi-
tion of a point object A and the hologram is repro-
duced. Then, as shown in FIG. 10B, when the holo-
gram 1s illuminated from the quite opposite direction to
that of FIG. 10A by the laser beam with the same wave
front (parallel beam in this case), the diffracted light 1s
also transmitted in the opposite direction to that of FIG.
10A and is converged into a point A" (real image).

However, the above configuration has problems as -

follows: |

(1) The resolution (about 0.1 line/um in the resolving
power) of the sensor which can be utilized as an electri-
cal detection device for the hologram information is
- very low as compared with the resolution (about 1 to 2
lines/um in resolving power) of the photographic mate-
rial used as the hologram and accordingly it is difficult
to detect the hologram information.

(2) An actual holographic television apparatus which
can be operated in real time by using holography has

not been achieved because of the drawback that there 1s.

no actual display device which can display the holo-
gram information electrically.

In such circumstances, the present inventor has pro-
posed a system utilizing three-dimensional hologram
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information, although once an available imaging ele-
ment and image displaying element (refer to U.S. Pat.
No. 4,654,685) require a three-dimensional structure
and the technique of fabricating a three-dimensional
integrated circuit is undeveloped at the present time,
there is no present prospect for realization. |

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
holography television apparatus which can electrically
detect and reproduce hologram information by combi-
nation of a standard imager (image sensor), displayer
(displayer device) and displacer (actuator for the image
sensor or display device).

The holography television apparatus according to the
present invention comprises a detection device for
three-dimensional information including an imager pro-
vided with a displacer which displaces the imager step-
wise by successive predetermined intervals, a reproduc-
tion device for the three-dimensional hologram infor-
mation including a displayer provided with a displacer,
and a transmission means for applying a signal derived
from the detection device to the reproduction device,
whereby the displacer gives a predetermined amount of
displacement in the direction normal to an image plane
of the imager and a display plane of the displayer in
synchronism with intervals of reading a signal repre-
senting one picture from the imager and intervals of
sending the signal representing one picture to the dis-
player.

The displacement-providing operation by the dis-
placer slices the interference fringe information in the
thickness direction of the three-dimensional hologram
information into a multiplicity of layers and two-dimen-
sional hologram information for each layer is read by
the imager successively. The two-dimensional holo-
gram information for each layer is then transmitted by
the transmission means successively and the two-dimen-
sional hologram information for each layer is displayed
in the displayer successively to thereby equivalently
form the threedimensional hologram information so
that there can be realized a holography television appa-
ratus which operates at a speed close to real time in
consideration of the visuality of the hologram image
which constitutes an apparently three-dimensional
image to the human eye.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a basic configuration
of a holography television apparatus according to the
present invention;

FIG. 2 schematically illustrates imaging means in-
cluding an imager and a displacer constituting a part of
a holography television apparatus according to the
present invention;

FIG. 3 schematically illustrates display means includ-
ing a displayer and a displacer constituting a part of a
holography television apparatus according to the pres-
ent invention; |

FIG. 4 is a waveform diagram showing drive wave-
forms 1n the displacer;

FIGS. S5A-E show an embodiment illustrating an
imaging element which is a constituent element of the
holography television apparatus according to the pres-
ent invention;

FIGS. 6A-E illustrate 2 method of fabricating the
imaging element of FIG. §;
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FIGS. 7TA-E show an embodiment illustrating a dis-
play element which is a constituent element of the ho-
lography television apparatus according to the present
inven{ion;

FIGS. 8A-F illustrate a method of fabricating the
display element of FIG. 7,;

FIG. 9 schematically illustrates a principle of a con-
ventional holography; and

FIGS. 10A and B schematically illustrate a principle
of reproduction of the hologram by the conventional
holography.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A basic configuration of a holography television ap-
paratus according to the present invention is illustrated
in FIG. 1. The holography television apparatus com-
prises: |

(a) an imager 101 including photoelectric conversion
devices (or light receiving devices) arrayed in the two-
dimensional directions (which are referred to as the
X-direction and Y-direction or the horizontal direction
and vertical direction);

(b) a displayer 102 including electrooptical conver-
sion devices (or light emitting devices) arrayed in the
two-dimensional directions; and |

(¢c) a transmission system 103 (including a transmis-
sion system in which signals in the form of electromag-
netic waves are transmitted through the air) connecting
a signal output terminal of the imager 101 to a signal
input terminal of the displayer 102.

Further, the imager 101 and the displayer 102 can be
displaced in the third direction (which is reterred to as
Z-direction or thickness direction) as shown by the
arrows at a speed faster than the response speed of a
human eye at regular or uniform intervals of distance.
(Accordingly, a plurality of steps are required.)

More particularly, information of three-dimensional
interference fringes 104 formed by reference light Ag
from a reference light source R and object light Agp
from an object O is detected and decomposed into mul-
ti-layers of two-dimensional hologram information by
the imager 101 which is displaced at regular intervals in
the thickness direction. The multi-layers of two-dimen-
sional hologram information are transmitted through
the transmission system 103 to the displayer 102 which
is also displaced in the thickness direction at regular
intervals and are displayed as multi-layers of two-di-
mensional hologram information by the displayer 102 so
that the three-dimensional interference fringes 103
(which are equal to the interference fringes 104) are
reproduced equivalently. When the same light source as
the reference light source R is used as a reproduction
light source R’ for the interference fringes 103, repro-
duction light A g is identical with the reference light Ag
and a three-dimensional reproduced image O i1s ob-
served.

With the above basic configuration, the real three-di-
mensional reproduced image is obtained by application
of holographic principles. That is, the intensity I(x,y,z)
of the interference fringes 104 produced by interfering
the reference light Agr(X,y,z) with the object light A o(x-
,v,z) in the three-dimensional space is expressed by

AR* Ao

I(xp.x)=|AR|*+1A0|*+ARAO* (1)

where
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Ar(x.y.z2)y=agr{xy.2)explidbr(x,y.x)} (2)

Agxp2y=acxy2)expldolx.y.2)} (3)
In this manner, if the expression in which an amplitude

and a phase are separated is used {(where exp(iwt) is
omitted in accordance with custom), equation (1) 1s

given by

I(x.y.2)=aR(x.y.2)+a0*(x.p,2) + 2aR-apcos(b R-d0) (4)
The first and second terms of equation (4) are equal to
the intensity in the case where the reference light AR
and the object light Apreached the image alone, respec-
tively. However, ap is an amount which varies slowly
by diffraction in the object and accordingly 1t 1s neces-
sary to satisfy the following condition.
aR>ao (3)

The third term of equation (4) 1s an alternating cur-
rent component oscillating with an amplitude of 2ag-
2apin respect to a center of (ag%+ap?) representative of
the average intensity in the direct current manner and
represents the interference fringes having positional
information (¢pr-¢dp). These interference fringes are
expressed by the following equations when angles of the
reference light Ag and the object light Apin respect to

the imager are Og and 6o and an angle of both of the
reference light and the object light in respect to the

X-Z plane is €',

b p(x,y,2)=R(x-cos 8'sinB g+ v-sinf’ + z.cos8'cosf g) (6)

dolx, 1.2} = R(x-co58'sin6 o+ y-sin@’ + z.co58'cos8 o) (7)
(where R is the number of waves in the three-dimen-
sional hologram.)

A phase difference 6(x,y,z) between both waves 1s
given by

5(x.p.2)= R-x-cos€'(sinf g —sinfp)

4+ R.z.cos6'(coxf g —cosfp) (81 )

The location having the strongest intensity is:

8(x,y,2)=2 m= [m is an integer] (9)
Accordingly, the position where the interference
fringes occur 1s:

x ={{(cos@ g —cosBp)/(sin8 g —sin
85)}-z+(2mB/R}/{(sin6 g —sindp)-cosd’}

(10)
Therefore an angle a between the interference fringes
and the z-axis 1S given by

(11)
a = tan—! {(cos@p — cosfp)/(sinfg — sin8p)}

= (@p — 80)/2

In the three-dimensional hologram, since 8=~0" and
Or=180"° are common, a=90° and the interference
fringes parallel to the [X-Y] plane (corresponding to a
light receiving plane and a display plane) are formed.

The properties are very advantageous conditions
when the imager 101 and the displayer 102 are dis-
placed. Specifically, when it i1s considered that the
imager and the displayer are displaced in the Z direc-
tion, the resolution in the [X-Y]plane can be moderated



S

and the resolution in the Z direction can be determined
by a displacement distance by the displacer.

In magnetostrictive material, L/L=10—% and the
resolution for the three-dimensional hologram can be

2.5 ~25 lines/um. This is the same in the case of electro-
strictive material.

In order to form the real three-dimensional repro-
duced image by using the interference fringes 105, when
a light source equivalent to the reference light source R
is used as the illumination light source R’ for reproduc-
tion, the reproduction light AR’ is equal to the reference
light ARg.

At this time, light incident on the displayer 1s ex-
pressed using equation (1) as follows:

2 2 (12)

= |AR|l -Ar + |Ap| ‘AR
+ AR-Ap* - AR + AR* ' Ap - AR

p; 2
= |AR| AR + |Aol - AR

2 2
+ |Ar| Ao + |AR]

I(x,v.z) « AR

- Ao*

The first term of equation (12) corresponds to a light
wave in the case where the reproduction light A g trans-

mits through the hologram, and the second term corre-
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sponds to transmitted light which is slowly varied spa-

tially in proportion to intensity ap? of the object light
and contains amplitude information of the object hight
but has no relationship to reproduction of the object
light since there is no phase information. The third term
of equation (12) has the appearance of the object light
Ao and accordingly forms a reproduced image of the
object. This is a real three-dimensional reproduced im-
age. The fourth term of equation (12) forms a repro-
duced image conjugate to the object ight Ap.

This conjugate image is a distorted image affected by
‘variation represented by

AR*=agr%expRidR) (13)

Further, since the displayer 102 is considered to be a
three-dimensional hologram, the displayer possesses the
same wavelength selectivity as that of the Bragg dif-
fraction and can utilizes incandescent light as the illumi-
nation light source R’ for reproduction. In addition, if
multiplexed interference fringes are formed by refer-
ence light constituted of laser beams having various
colors and directed in different directions, a color three-
dimensional image can be also formed. As the illumina-
tion light for reproduction, a laser beam having many
corresponding colors may be used or incandescent light
utilizing the wavelength selectivity of the threedimen-
sional hologram may be used.

An actual embodiment of the present invention mate-
rializing the basic configuration shown in FIG. 11s now
described with reference to FIGS. 2 to 8.

F1G. 2 shows an embodiment of a detection device of
three-dimensional hologram information which 1s in-
corporated into the displacer which displaces the
imager 101 of FIG. 1 in the direction (for example,
normal direction) different from the tangential direction
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of the image plane of the imager 101. The displacer .

comprises a signal generating circuit 201 which gener-
ates an electric field or a magnetic field signals varying
a predetermined amount and an electrostrictive or a
magnetostrictive material 202 which is displaced by a

65
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predetermined amount in accordance with variation of
the signal from the signal generating circuit 201.

A signal of the imager 101 is converted into a desired
image signal Sout by an image signal processing circuit
203.

FIG. 3 shows an embodiment of a reproduction de-
vice of three-dimensional hologram information which
is incorporated into the displacer which displaces the
displayer 102 of FIG. 1 in the direction (for example,
normal direction) different from the tangential direction
of the display plane of the displayer 102. The displacer
comprises a signal generating circuit 301 which gener-
ates an electric field or a magnetic field signal varying a
predetermined amount and an electrostrictive or a mag-
netostrictive material 302 which 1s displaced by a prede-
termined amount in accordance with variation of the
signal from the signal generating circuit 301. An image
signal Sin inputted externally i1s converted into a signal
suitable for driving the displayer by an image signal
processing circuit 303.

FIG. 4 shows a relationship of the output signal of the
signal generating circuit 201 and image signal Sout 1n
FIG. 2 and the output signal of the signal generating
circuit 301 and the image signal Sin in FIG. 3. Vs of
F1G. 4 corresponds to the image signals Sout and Sin,
and in the NTSC system the vertical scanning period 1s
commonly used as a repetition period T of the signal.
However, when the horizontal scanning method uses
parallel output or input, a time shorter than the vertical
scanning period can be used as the repetition period T.
Ec (or He) and Ec’ (or Hc') of FIG. 4 show waveforms
of the output signals of the signal generating circuits 201
and 301 and generate an electric field (or a magnetic
field) increasing or decreasing a predetermined amount
in the stepwise manner in response to the repetition
period.

An embodiment and a fabricating method of a novel
solid-state imager capable of utilizing the horizontal
scanning period as the repetition period T are now
described with reference to FIGS. § and 6, while the
imager described hitherto may be an image pickup tube
(or a camera using an image pickup tube) or a solid-state
imaging element (or a camera using a solid-state imag-
ing element). | |

FIG. 5A shows an embodiment of a parallel readout
solid-state imager (hereinafter referred to as a PR
imager) in section perpendicular to the horizontal scan-
ning direction. FIGS. 5B and 5C are sectional views
parallel to the horizontal scanning direction and taken
along lines K—K' and L—L’ of FIG. SA, respectively.
FIG. 5D shows a circuit configuration connected to
terminals F, F’, H and H' of FIG. §C. FIG. SE shows
potential distributions along the horizontal scanning
direction of a channel region in the section K—K’ of
FIG. 5A. |

The PR imager shown in FIGS. 5A, 5B and 5C com-
prises an n+type region 502 formed on a p type sub- .
strate 501 to constitute a signal read-out line, a p type
region 503 constituting a channel region, an n type
region constituting a photoelectric conversion region, a
concave trench groove 505 formed by etching the sur-
face of the semiconductor in the horizontal scanning
direction, an insulation film 506 formed on the surface
of the semiconductor, a first resistive gate electrode S08
formed in the trench groove 30§ through insulation
films 506 and 307, and a second resistive gate electrode

510 formed in the trench groove 505 through an insula-
tion film 509.
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When the circuit of FIG. 5D (which comprises dc
voltage sources 511 and 512 and signal generating cir-
cuits 513 and 514 which generate sawtooth signals hav-
ing a repetition period equal to the horizontal scanning
period as shown in FIG. 5D) is connected across the
terminals H and H' provided in both ends of the first

resistive gate electrode 508 and the terminals F and ¥
provided in both ends of the second resistive gate elec-

trode 510 of FIG. 5C, potential distributions Y1 and y2
are induced in the channel region 503 in the horizontal
scanning direction and conduction between the n type
region 504 and the n+ttype region 502 occurs at a region
(section G in FIG. 5) in which /1 and {2 are larger than
/0. Furthermore, since the section G is moved in the
direction of arrow M shown in FIG. SE in the hornzon-
tal scanning period, horizontal scanning is performed
simultaneously and in a manner.

When the embodiment is used as the imager, since
one picture information can be produced in one hor-
zontal scanning period, a time required to read out the
three dimensional hologram information can be short-
ened. Accordingly, the holography television apparatus
which operates at a speed nearer to real time can be
achieved.

FIGS. 6A to 6F show a fabricating method of the PR
imager of FIG. 5. An n+type semiconductor layer 502
is epitaxially grown on the p type substrate 501 and a p
type semiconductor layer 503 is then epitaxially grown.
A plurality of n type belt-like semiconductor regions
504 are formed in the direction perpendicular to the
direction of forming the trench groove 505 which 1s to
be formed thereafter. (The semiconductor regions 504
may be formed after formation of the trench groove.)
[See FIG. 6A]

Then, the insulation film 506 is formed on the surface
[See FIG. 6B]. An interlayer insulation film 601 is fur-
ther deposited on the insulation film 506 [See FIG. 6C]}.
"The interlayer insulation film 601 is removed from the
surface thereof to the boundary between the p type
region 503 and the n+type region 502 by the selective
etching so that an insulation film 507 is formed in the
left portion of the insulation film 601 [See to FIG. 6D].
Then, polysilicon 602 is deposited on the insulation film
507 by chemical vapor deposition (CVD) to form a
resistive gate electrode. (The sheet resistivity having a
value of about 15~200 /U] is used.) [See to FIG. 6E]
The polysilicon 602 is removed from the surface to part
of the p type region 503 near the n+type region 302 by
the selective etching so that resistive gate electrode 508
is formed in the left portion of the polysilicon [See to
FIG. 6F)]. Thereafter, the PR imager shown in FIG. SA
is completed by repeating the steps of FIGS. 6C to 6F.
The novel solid-state imager is configured and fabri-
cated as described above.

An embodiment and a fabricating method of a novel
solid-state displayer capable of utilizing the horizontal
scanning period as the repetition period I are now
described with reference to FIGS. 7 and 8, while the
displayer which has been described above may be a
cathode ray tube (abbreviated to CRT, or image display
unit using a CRT) or a solid-state displayer (or a dis-
player using a solid-state displayer such as EL. or LED
elements).

FIG. 7A shows an embodiment of a parallel readout
solid-state displayer (hereinafter referred to as a PR
displayer) in section perpendicular to the horizontal
scanning direction. FIGS. 7B and 7C are sectional
views parallel to the horizontal scanning direction and
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tively. FIG. 7D shows a circuit configuration con-
nected to terminals F, F', H and H' of F1G. 7C. FIG. 7E
shows potential distributions along the horizontal scan-
ning direction of a channel region in the section K—K’
of FIG. TA.

The PR displayer shown in FIGS. 7A, 7B and 7C
comprises an nttype region 702 formed on a p type

substrate 701 to constitute a signal read-out line, a p
type region 703 constituting a channel region, a fluores-
cent region 704 for luminescent display, a concave
trench groove 705 formed by etching the surface of the
semiconductor in the horizontal scanning direction, an
insulation film 706 formed on the surface of the semi-
conductor, a first resistivity gate electrode 708 formed
in the trench groove 705 through insulation films 706
and 707, and a second resistive gate electrode 710
formed in the trench groove 705 through an insulation
film 709.

When the circuit of FIG. 7D (which comprises dc
voltage sources 711 and 712 and signal generating cir-
cuits 713 and 714 which generate sawtooth signals hav-
ing a repetition period equal to the horizontal scanning -
period as shown in FIG. 7E) is connected across the
terminals H and H’' provided in both ends of the first
resistive gate electrode 708 and the terminals F and F°
provided in both ends of the second resistive gate elec-
trode 710 of FIG. 7C, potential distributions W1 and W2
are induced in the channel region 703 in the horizontal
scanning direction and conduction between the fluores-
cent region 704 and the n+type region 702 occurs at a
region (section G in FIG. 7) in which W1 and V2 are
larger than W0. Furthermore, since the section G 1s
moved in the direction of arrow M shown in FIG. 7E in
the horizontal scanning period, horizontal scanning is
performed simultaneously and in a manner.

When the embodiment is used as the displayer, since
one picture information can be inputted in one horizon-
tal scanning period, a time required to read out the
three-dimensional hologram information can be short-
ened. Accordingly, the holography television apparatus
which operates at a speed nearer to real time can be
achieved. Further, since the luminescent region 1s
formed of a fluorescent substance and utilizes non-scat-
tering movement of charged carries, there can be real-
ized an image display performance superior to a con-
ventional CRT display.

FIGS. 8A to 8F show a fabricating method of the PR
displayer of FIG. 7. An n*type semiconductor layer
702 is epitaxially grown on the p type substrate 701 and
a p type semiconductor layer 703 is then epitaxially
grown. At this time, the thickness of the semiconductor
layer is substantially similar to the average free distance
of the charged carrier (for example, electron). Then, the
fluorescent region 704 is formed. (The fluorescent re-
gion 704 may be formed after the formation of the
trench.) [See to FIG. 8A]

Then, the insulation film 706 1s formed on the surface
[See FIG. 8B]. An interlayer insulation film 801 is fur-
ther deposited on the insulation film 806 [See FIG. 8C].
The interlayer insulation film 801 is removed from the
surface thereof to the boundary between the p type
region 703 and the n+type region 702 by the selective
etching so that an insulation film 707 is formed n the
left portion of the insulation film 801 [See FIG. 8D].
Then, polysilicon 802 is deposited on reinsulation film
707 by the chemical vapor deposition (CVD) to form a
resistive gate electrode (The sheet resistivity having a
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value of about 15~200 /O is used) [See F1G. 8E]. The
polysilicon 802 is removed from the surface to part of
the p type region 703 near the n+type region 702 by the
selective etching so that a resistive gate electrode 708 1s
formed in the left portion of the polysilicon [See FIG.

8F]. Thereafter, the PR displayer shown in FIG. 7A 1s
completed by repeating the steps of FIGS. 8C to 8F.
The novel solid-state imager is configured and fabri-
cated as described above.

As described above, the holography television appa-
ratus according to the present invention uses an imager
and a displayer in combination with a displacer as the
detection means and the reproduction means for the
three-dimensional hologram information to reproduce a
real three-dimensional image.

The present invention is not limited to the basic con-
figuration as described above but can realize novel use-
ful functions which have not been considered in the past
only by using a part of the constituent elements. More
particularly, when the three-dimensional hologram 1n-
formation detected by the imager coupled with the
displacer is subjected to a signal conversion processing,
the hologram information can be displayed on a con-
ventional CRT display as the three-dimensional com-
puter graphic image. Further, when the three-dimen-
sional computer graphic image is subjected to signal
conversion processing and is applied to the displayer
coupled with the displacer, an equivalent three-dimen-
sional hologram information can be reproduced to dis-
play the threedimenstonal image.

What is claimed 1s:

1. A three-dimensional image detection apparatus for
detecting a three-dimensional holographic optical inter-
ference pattern, comprising:

an image detector for detecting successively two-di-
mensional portions of the three-dimensional holo-
graphic optical interference pattern; and

an actuator means for moving said image detector at
predetermined regular intervals in a depth direc-
tion normal to said two-dimensional image portions
to obtain information with respect to the three-di-
mensional optical interference pattern at uniformly
spaced two-dimensional layers thereof correspond-
ing to said intervals.

2. A detection apparatus according to claim 1,
wherein said actuator means moves said image detector
at said predetermined intervals in synchronism with
intervals of time when one picture signal is read out
from said image detector.

3. A three-dimensional image reproduction apparatus
for reproducing three dimensional hologram informa-
tion corresponding to a holographic optical interfer-
ence pattern, Comprising;

a display device for successively displaying two-di-
mensional portions of the three-dimensional holo-
graphic optical interference pattern; and

an actuator means for moving said display device at
predetermined regular intervals in a depth direc-
tion normal to a display plane thereof to display
information with respect to the three-dimensional
optical interference pattern at uniformly spaced
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two-dimensional layers thereof corresponding to
sald intervals.

4. A reproducing apparatus according to claim 3,
wherein said actuator means moves said display device
at said predetermined intervals in synchronism with
intervals of time when one picture signal is fed to said
display device.

5. A three-dimensional image television apparatus for
detecting and displaying threedimensional holographic
information corresponding to a holographic optical
interference pattern, comprising:

an image detection device for detecting successively

two-dimensional portions of the three-dimensional
holographic optical interference pattern,

an image reproduction device for successively repro-

ducing twodimensional portions of the three-di-

mensional holographic optical interference pattern,
transmission means connecting said image detection

device to said image reproduction device, and

an actuator means,

said image detection device including an image detec-

tor, said actuator means for moving said 1mage
detector at predetermined regular intervals in a
depth direction normal to said two-dimensional
image portions to obtain information with respect
to the three-dimensional optical interference pat-
tern at uniformly spaced two-dimenstonal layers
thereof corresponding to said intervals, said repro-
duction device including a display device for dis-
playing said two-dimensional portions of the three-
dimensional holographic optical interference pat-
tern, said actuator means for moving said display
device at predetermined regular intervals in a
depth direction normal to a display plane thereof to
display information with respect to the three-di-
mensional optical interference pattern at uniformly
spaced two-dimensional layers-thereof correspond-
ing to said intervals. |

6. A solid-state image sensor comprising a semicon-
ductor substrate having a plurality of concave trench
grooves formed lengthwise in one direction on a surface
thereof, a light receiving photoelectric conversion por-
tion formed on the surface of said semiconductor sub-
strate disposed between said trench grooves, and a plu-
rality of resistive gate electrodes formed continuously
in and along said trench grooves. |

7. A solid-state image display device comprising a
serniconductor substrate having a plurality of concave
trench grooves formed lengthwise in one direction on a
surface thereof, a light emitting electroopitcal conver-
sion portion formed on the surface of said trench
grooves, and a plurality of resistive gate electrodes
formed continuously in and along said trench grooves.

8. An actuating apparatus for moving one of an image
sensor and an image display device at predetermined
regular intervals in a direction normal to one of a sensed
image plane and a display plane, comprising a circuit for
generating one of an electric field and a magnetic field
varying a predetermined amount and one of an electro-
strictive and a magnetostrictive material to which a

signal of said circuit 1s applied.
% * x ¥ x
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